Constants
NOx emissions per unit of coal consumed 2 ;
Total emissions limit: SO2, NOx
Although the model is formulated as an MCP, rather than present the primal, dual, and complementarity conditions, it is simpler to present a linear program that models the case without price caps, and then show the features that require an MCP in the presence of price caps.
Since the focus of the paper is on the electricity market, here we detail just the representation of China's electricity sector, which means for the model to be complete, the objective function contains a cost term for the coal that is delivered to utilities. In a combined coal and utilities model this term would be removed and replaced by coal material balances in the constraints that feed coal to utilities. A description of the coal supply model is presented in Rioux et al. (2016) .
In the electricity sector every regional utility acts as a monopsonist that minimizes the total cost of supplying and transmitting power. The model minimizes the total cost over all of the regions simultaneously. This means each utility minimizes its costs and trades electricity with the other utilities at prices set to marginal costs.
We first present the model under the Long-run without caps scenario because it can be formulated as a linear program both standalone and combined with the coal model. We then add the constraint that captures the consequences of the price caps, explaining why this change requires an MCP formulation in the integrated model. 
Supply constraints for fuel other than coal:
Capacity limits for power generation and transmission:
Power transmitted constrained by the amount produced:
Power demand:
Reserve margin:
Wind operation:
Added spinning reserve requirement for wind power:
Meeting the wind capacity target:
Regional sulfur emissions:
Nitrous oxide emissions:
Note that the transmission variables between regions ′ and , ′, , ′, , link different load segments, with the electricity produced in one load segment in one region distributed over multiple load segments in another region. This allows the model to match the same times in the load duration curves of the different regions and capture the effects of non-coincident peaks in the value of generation and transmission.
In the standalone electricity model the , , , for coal are constants, making the model a linear program. In the integrated model without price caps we combine the objective functions of the two models and we remove the term , , , • , , , , , for coal from the objective function. We add material balance constraints that link the coal model to the utilities model and the price of coal comes from the dual variables of these constraints.
We now add the profitability constraint that measures the effects of the price caps.
Adding this constraint to the integrated coal and utilities model means there is no corresponding optimization problem to the MCP.
For coal we redefine , , , to be the set of dual variables associated with the material balances constraints that link the coal transportation network to the utility model. The profitability constraint requires that the generators in a region be profitable over all of their equipment and allows them to lose money on some plants as long as they make it up on other plants.
, ,
The first term is what the revenues would be at the price caps less the operating and maintenance costs, the second is the fuel costs, the fourth is the operating and maintenance costs for the spinning reserve and the fifth is the annualized cost of capacity. The second term, , , , • , , , , , is the product of a primal and dual variable, which can appear in an MCP but not in an optimization model.
The third term in (A.16) is a subsidy that is added as a constant to make this constraint feasible, as generators received government subsidies and reported financial losses in 2012. We found that this constraint cannot be met without a subsidy, given the shape of the load duration curve and the requirement to have spinning reserves to back up the wind generators. We iterate to find the smallest subsidy necessary for the model to be feasible. That is, we have a mathematical program subject to equilibrium constraints where the government is minimizing the subsidy needed to make generators profitable subject to the market equilibrium.
Electronic appendix 2. Model calibration
The model, calibrated to 2012 data 1 , contains 12 regions, aggregating adjacent provinces with similar cost structures, on-grid tariff caps and shared grid resources. A total of 21 coal supply nodes are used to capture the geographic dispersion of resources. Every regional load curve is split into five load segments. Since demand is represented by a load duration curve, only one non-dispatchable renewable generator can be included. We selected wind, by far the largest source of non-dispatchable power in 2012. 
